Allogeneic stem cell transplantation (SCT) is frequently considered as treatment for relapsed childhood acute lymphoblastic leukemia (ALL). For patients without a matched sibling donor, SCT from unrelated donors (UD-SCT) has been increasingly performed during the past years. However, UD-SCT-related mortality and morbidity is still considerable, and the question remains as to which patients are at such high risk of recurrence that UD-SCT is indicated and, conversely, which patients do not require transplantation for long-term disease control. A matchedpair analysis was performed among patients treated according to Acute Lymph- 
Introduction
The most frequent indication for allogeneic stem cell transplantation (SCT) in children is recurrent acute lymphoblastic leukemia (ALL). Regarding patients with an intermediate prognosis at relapse after conventional chemotherapy, it is also the most controversial.
Since 1983, in Germany and Austria nearly all children with ALL relapse are treated according to protocols of the ALL-REZ Berlin-Frankfurt-Münster (BFM) Relapse Study Group. There are 101 centers that take part in these multicenter trials and allogeneic SCT is performed in 18 associated transplantation centers.
The first successful unrelated donor SCT (UD-SCT) was performed more than 20 years ago. However, only in recent years have sufficient numbers of transplants been performed in children to permit comparison with alternative treatment strategies. A comparison of the outcome of SCT with chemotherapy requires a prolonged follow-up, due to late subsequent leukemia recurrences. In patients treated with chemotherapy, such recurrences generally occur within 5 years after relapse; in patients treated with SCT, subsequent relapse most often occurs within 2 years. In this report we present data on a matched-pair analysis comparing UD-SCT with chemotherapy for children with ALL in second complete remission (CR) with a follow-up period of more than 10 years.
Patients and methods
Between June 1983, and April 2001, 1556 patients up to 18 years of age with first relapse of ALL were enrolled in the multicenter trials of ALL-REZ BFM after written consent. Approval was obtained from the institutional review board of the Humboldt-University of Berlin, Charité. Informed consent was provided according to the Declaration of Helsinki. Of these patients, 1188 were given conventional chemotherapy/radiotherapy and 334 underwent either related allogeneic (190), unrelated allogeneic (95), or autologous (49) SCT after remission induction with chemotherapy. Postremission therapy was not yet definitely specified for 34 patients. In the ALL-REZ BFM studies, stratification groups were defined as given in Table  1 : standard-risk group (SR; 5% of all study patients), intermediate-risk group (IR; 55% of all patients), and high-risk group (HR; 40% of all patients). 1,2 Early combined relapses are stratified to the IR group because they are associated with a more favorable prognosis than early isolated bone marrow relapses. 3 By definition, late relapses occur more than 6 months after cessation of chemotherapy, early relapses at least 18 months after diagnosis but less than 6 months after cessation of chemotherapy, and very early relapses within 18 months after diagnosis.
Patients of the high-risk group are at a very high risk of suffering a subsequent relapse if treated with chemotherapy alone. 4 Since trial ALL-REZ BFM 95 they were obligatorily allocated to allogeneic SCT, if a second CR could be achieved. For patients with an intermediate prognosis, matched unrelated donor (MUD)-SCT was not compulsorily indicated, but it was not regarded as a violation of the protocol. The decision to perform SCT in this group was made at the treatment centers by the physicians and the patients and their parents. The final selection of candidates varied according to the policies of the transplantation teams. Additionally, in recent times subgroups of patients of the IR group have been defined with high peripheral blast cell count at relapse and without extramedullary involvement. These patients received transplants from MUDs more frequently. This study compares 2 treatment groups chosen from 1283 children with relapsed ALL treated with chemotherapy/radiotherapy alone or UD-SCT.
Patients treated with chemotherapy
The chemotherapy group consisted of 81 patients, selected from a larger group of 1188 patients with first relapse. Of the eligible patients, 1028 (87%) had initially been treated according to BFM (70%) or Cooperative Study Group for Childhood Acute Lymphoblastic Leukemia (CoALL; 17%) frontline protocols. 5, 6 According to the ALL-REZ BFM protocols, relapse treatment consisted of alternating courses of polychemotherapy. At the end of intensive systemic chemotherapy, local radiotherapy was applied to the central nervous system (CNS) at an age-dependent dose. Children received conventional maintenance therapy with daily oral 6-thioguanine and intravenous methotrexate (MTX) every second week for up to 2 years. 4 Of these 1188 patients, 81 met the match criteria of those patients who underwent UD-SCT as described below (Table 2) .
Patients treated with UD-SCT
Of the 95 patients with UD-SCT, 89 (94%) had initially been treated according to BFM (76%) or CoALL (18%) frontline protocols. For remission induction, prior to SCT, all children were treated according to ALL-REZ BFM relapse protocols. For 14 patients with SCT, no match partner was found. Hence, for 81 patients a partner could be found meeting the match criteria. For these patients, the interval between achievement of second remission and transplantation varied from 34 to 349 days (median, 139 days).
Conditioning regimens were not uniform: most (n ϭ 50 [of 71 available patient data], 70%) included fractionated total body irradiation (12 Gy) and etoposide and/or cyclophosphamide. There were 21 patients who received other conditioning regimens including different drug combinations with (25%) or without (4%) total body irradiation (TBI). In 10 patients no data were available. Graft-versus-host disease (GVHD) prophylaxis consisted of a short course of MTX, daily doses of cyclosporine A, and interventional doses of steroids in most patients. The method of T-cell depletion as well as data on HLA disparity between unrelated bone marrow (BM) donors and patients in this study are given in Table 2 . Usually HLA typing for class I was done serologically and for class II by molecular genetic methods. 7 However, recently class I antigens have been typed by high-resolution moleculargenetic methods as well in some centers.
Analysis
Preliminary studies identified variables associated with treatment failure in both groups. [1] [2] [3] 8 The main determinants of outcome are duration of first remission (very early, early, late relapse), the immunophenotype of leukemic cells (T-cell, non-T-cell), and the site of relapse (isolated bone marrow, combined bone marrow, isolated extramedullary). Other variables that are independent prognostic determinants in multivariate analyses are age at relapse (Ͻ 10 years, Ն 10 years) and the peripheral blast cell count at relapse (Ͻ 1/L, 1-10 000/L, Ն 10 000/L). 9 We selected pairs of patients treated with either chemotherapy or SCT by matching the above-mentioned variables exactly respecting the categories given in brackets. The chemotherapy recipient of each pair was selected from patients in whom the second remission was at least as long as the interval between achievement of second remission and transplantation for the transplant recipient. If more than one patient in the chemotherapy group was eligible for matching with a patient in the transplantation group, we selected the chemotherapy patient with a diagnosis date closest to that of the transplant recipient. Molecular biologic parameters such as BCR/ABL and TEL/AML1 were not included in the match procedure because these data are not determined for a substantial part of the patients. There were 81 matched pairs who met these criteria.
Follow-up is defined as duration of second CR for patients still remaining in continuous CR. The probability of event-free survival (pEFS) was calculated by Kaplan-Meier life-table analysis, and is given at 5 years. Differences were rated by the log-rank test and considered as significant at a P value of .05 or less. Treatment failures, such as therapy-related death in CR, subsequent relapse, or second malignancy were counted as adverse events. Follow-up was calculated for all patients being in continuous CR as usually recommended. 10 The overall statistical power to detect a difference of 20% in outcome between the matched-patient groups was 83% for the total group, 40% for the IR group, and 65% for the HR group.
Results

Chemotherapy group
After a median follow-up of 7.9 years (range, 1.4-18.6 years) from achieving a second complete remission, pEFS at 5 years is .17 Ϯ .05 for the entire group of patients receiving chemotherapy. The death rate related to chemotherapy was 4% (3/81). A subsequent relapse was experienced by 62 patients (77%); 4 of these are still alive. Continuous CR was achieved by 16 patients (20%). For IR patients, the 5-year estimates for EFS were .49 Ϯ .11 versus .00 Ϯ .00 for HR patients (Figures 1, 2) . The numbers of patients in continuous CR after chemotherapy in the different subgroups and the respecting pEFS are shown in Table 3 .
Transplant recipients
After a median follow-up of 4.1 years (range, 1.1-13.1 years) from achieving a second remission, pEFS at 5 years is .42 Ϯ .06 for patients who received a transplant. Of 58 evaluable patients, 18 (31%) suffered from grades III-IV GVHD. Death rate related to transplantation was 30% (24/81). Therapy-related death (TRD) was due to acute GVHD, (n ϭ 8), graft failure or rejection (n ϭ 2), sepsis (n ϭ 2), aspergillosis (n ϭ 2), or veno-occlusive disease (VOD)/cardiotoxicity/hemorrhage/multiorgan failure (n ϭ 5). In 6 cases there were no data. In 20 patients (25%) subsequent relapses occurred, 6 of those patients are still alive. One patient (1%) developed a second malignancy. Of the 81 patients who received a transplant, 36 (44%) are in continuous CR. The 28 patients with an IR prognosis had a pEFS of .39 Ϯ .10 compared with .44 Ϯ .07 in 53 children of the HR group (Figures 1, 2) . The numbers of patients who received a transplant who are in continuous CR in the different subgroups are given in Table 3 .
Comparison of groups
All 81 pairs are exactly matched for the above given categorical parameters. Furthermore, a high up to very high correlation of continuous risk parameters could be achieved with a Pearson product moment correlation coefficient (PC) of 0.71 for duration of first CR, 0.72 and 0.79 for age at initial and at relapse diagnosis, and 0.80 for the peripheral blast cell count at relapse (2 missing values). Observation time was significantly different in HR patients (P Ͻ .001), whereas in IR patients a high correlation of the parameter could be achieved (PC ϭ 0.93). pEFS was significantly superior for patients receiving UD-SCT as compared with those receiving chemotherapy (P Ͻ .001). This difference is based on a highly significant better outcome in HR patients (P Ͻ .0001, Figure 1 ). In contrast, there is no difference of pEFS in IR patients (P ϭ .105, Figure 2 ). 
Discussion
SCT from an unrelated donor is a curative approach in children with relapsed ALL. There is a price to pay, however, in terms of significant early morbidity and mortality. [11] [12] [13] [14] [15] [16] [17] [18] When SCT offers the only chance of cure, then these risks could be easily justified; if on the other hand, another treatment offers an equal opportunity for cure at less risk of therapy-related toxicity, then SCT should be avoided. In this study, we performed a matched-pair analysis among patients with ALL in second CR treated either with chemotherapy according to the ALL-REZ BFM protocols or with UD-SCT. Because patients with a high risk for subsequent relapse have been preferably allocated to allogeneic SCT, comparison of MUD-SCT and chemotherapy is biased by negative selection of the group undergoing transplantation with respect to risk factors, but by positive selection with respect to time to transplantation. To overcome these biases, for every patient who received a transplant, a partner treated with chemotherapy alone has been selected matching on one side all established risk factors as determinants of EFS and on the other side with a duration of event-free survival at least as long as time to transplantation of the respective partner. A matched-pair analysis is one of several possibilities to compare different treatment modalities. The optimum method would be a prospective randomized allocation with the possibility to assess results according to the intention to treat as well as the treatment received. However, several attempts to randomize SCT versus chemotherapy have failed in the past, mostly due to the personal preferences of the treating physicians as well as the patients and their families to one of the approaches. 19 An alternative approach would be a retrospective multivariate Cox regression analysis including all relevant prognostic factors as well as SCT as a time-dependent covariant. However, EFS after chemotherapy or SCT often does not follow proportional hazard functions and requires artificial statistical models for adequate analysis. Important factors, such as tolerance to treatment and individual infectious risk factors, are not considered in all those methods and remain biases of the analysis with impredictable influence on outcome.
Unrelated SCT is a treatment modality of the last 10 years with an increased availability of unrelated donors. Since the beginning of the trial ALL-BFM 96 we tried to find unrelated BM donors for all high-risk patients without a family donor. Therefore, for high-risk patients who recently underwent transplantation, mainly historical controls treated with chemotherapy alone are available. This leads to different lengths of follow up. Nevertheless, if more than one patient in the chemotherapy group was eligible for matching with a patient in the transplantation group, we selected the chemotherapy patient with a diagnosis date closest to that of the transplant recipient.
In this study, the TRD rate of 30% among children treated with UD-SCT was high in comparison with the rates among children treated with chemotherapy alone (4%) but is within the range of rates reported by other groups. 10, [20] [21] [22] The pEFS (.42 at 5 years) of children who received transplants from unrelated donors in second CR in our study is encouraging, taking into account their unfavorable risk profile (65% of patients belonged to the HR group). Event-free survival was 0.44 for patients who underwent transplantation and 0.00 for patients treated with chemotherapy in the HR group (P Ͻ .001). Therefore, children with poor prognostic features can clearly benefit from UD-SCT in second CR. The TRD rate of about 30% is still high, but it had to be accepted in face of the otherwise incurable disease.
In contrast, there was no clear advantage of UD-SCT for patients in the IR group with respect to EFS: event-free survival rates at 5 years were 0.39 for patients who received an unrelated transplant and 0.49 for patients treated with conventional chemotherapy, not being significantly different. It must be acknowledged that these conclusions are based on a small number of patients and true differences may not have been detected, especially because the subgroup analyses showed low statistical power values of 40% and 65% for the IR and HR groups, respectively.
In summary, although UD-SCT offers a clear advantage over chemotherapy alone for patients with ALL relapse in the HR group, our results show no significant advantage of UD-SCT for IR patients. Considering the complications potentially associated with UD-SCT, it will be essential to develop strategies to identify subgroups of the IR group who still might benefit from UD-SCT. Risk factors such as initial high blast cell count, the presence of BCR/ABL fusion transcripts, or evidence of minimal residual disease detected by clone-specific moleculargenetic probes after achievement of cytologic remission may allow further stratification of the IR group but have yet to be investigated in a prospective study. 9,23-25 Kretschmann, Berlin, for preparing the data of the BFM relapse studies.
